
Page 

TABLE OF CONTENTS: CHAPTER 4 - DETERMINING DESIGN DISCHARGES 

G e n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . 
Procedure  f o r  Determining Required Channel Capac i ty  . . 

Channels Designed f o r  a Peak Ra te  and S e l e c t e d  
Frequency . . . . . . . . . . . . . . . . . . . .  

Table  4-1 -- Flood Rout ing Requirements.  . . 
Channels Designed t o  Remove a Volume of Runoff 
Within  a S p e c i f i e d  Time Limi t  . . . . . . . . . . 

Drainage Capac i ty  Re la ted  t o  Frequency. . . . . . . . . 
G e n e r a l .  . . . . . . . . . . . . . . . . . . . . 
Drainage Capaci ty  Re la ted  t o  Annual Flood Peak 
Frequency . . . . . . . . . . . . . . . . . . . . 
Drainage Capaci ty  R e l a t e d  t o  Flood Volume 
Frequenc ies  . . . . . . . . . . . . . . . . . . . 

F i g u r e  4-1 -- Routed Peak Discharge  
Versus Average Depth of Runoff,  by Reach . . 
F i g u r e  4-2 -- Volume-Duration-Frequency 
Analyses . . . . . . . . . . . . . . . . . .  





C-R 4.  DETERMINING DESIGN DISCmGES 

General 

Procedures f o r  determining peak r t s and volumes of runoff  are 
a v a i l a b l e  i n  t h e  NEH, Sect ion  4. Procedures f o r  determining 
channel capac i ty  f o r  r r i g a t i o n  cana l s  and l a t e r a l s  may be found 

18f H, Sec t ion  15,- and f o r  dra inage  channels i n  NEH, Sec t ion  

The adapta t ion  of hydrology w i l l  be r e l a t e d  t o  two p r i n c i p l e s  i n  
channel design. One p r i n c i p l e  i s  t h e  design of a channel f o r  a 
peak r a t e  of d i scharge  f o r  a s e l e c t e d  frequency of occurrence. 
The second p r i n c i p l e  i s  t o  determine the  r a t e  of d i scharge  requi red  
t o  remove a volume of runoff  w i th in  a s p e c i f i e d  time l i m i t .  

Flood rou t ing  requirements w i l l  be  d i f f e r e n t  f o r  the  two p r i n c i p l e s .  
The requirements w i l l  d i f f e r ,  too,  f o r  o t h e r  needs a s  i l l u s t r a t e d  
i n  Table 4-1. 

Procedure f o r  Determining Required Channel Capacity 

The usua l  p r a c t i c e  i n  determining the  capac i ty  requirement f o r  
channels i s  t o  make es t imates  i n  the  planning s t a g e  t h a t  a r e  
s u f f i c i e n t l y  d e t a i l e d  f o r  f i n a l  design.  A r econs ide ra t ion  of capa- 
c i t y  requirement i n  t h e  design s t a g e  w i l l  o r d i n a r i l y  be necessary 
only i f  t h e r e  i s  a depar ture  from the  o r i g i n a l  plan.  

Channels Designed f o r  a Peak Rate and Se lec ted  Frequency 

These channels a r e  planned and cons t ruc ted  t o  con ta in  t h e  peak r a t e  
of  runoff  f o r  a design f lood of a given frequency. The hydrology 
f o r  t h i s  type of channel involves  e s t ima te s  of l o c a l  runoff  f o r  the  
des ign  frequency and f lood  rou t ing  through the  channel system. 

The method of determining runoff  and f lood  hydrographs from sub- 
watersheds f o r  t he  des i r ed  requency can be s e l e c t e d  from those des- 
c r ibed  i n  NEH, Sec t ion  4 , d  Chapters 5 ,  10, 16 and 18. Chapter 5 . 
desc r ibes  the  use  of s t ream flow d a t a  f o r  e s t ima t ing  the  r a t e  of 
discharge.  Chapter 10 covers "Estimation of D i rec t  Runoff from 
Ra in fa l l , "  f o r  ca ses  where s t ream flow d a t a  a r e  no t  a v a i l a b l e  o r  
adequatq. R a i n f a l l  amounts f o r  s e l e c t e d  f requencies  and du ra t ions ,  
a s  found i n  t he  Weather Bureau's Technical  Paper No. 40, R a i n f a l l  
Frequency A t l a s  of t he  United States ,=/  a r e  gene ra l ly  adequate t o  
provide a b a s i s  f o r  an e s t ima te  of d i r e c t  runoff  from a s p e c i f i e d  
a rea ,  Chapter 16 of NEH, Sec t ion  4,171 covers development of 
hydrographs, and Chapter 18 desc r ibes  s t a t i s t i c a l  methods f o r  
determining the  frequency of f lood  events .  



TABLE 4-1 

1. Determination of design 
d ischarge  

I n v e s t i g a t i o n a l  
Procedure 

2 .  Economic eva lua t ion  of 
f lood damage reduct ion  

a .  Based on percent  
chance of occurrence 

Flood Routing Required 

b. Based on drainage 
c r i t e r i a  

by Pro 'ec t  
Containment of 
a  Peak Rate of 

Runoff of 
Spec i f i ed  Freq, 

3 .  Determination of e f f e c t s  
of program on downstream 
f lood  peaks 

Channel 2/ 

Purpose 

Channel and 
overbank A/ 

Removal of a  
Volume of 

kunoff Within 
a  Time Limit 

None 

Open 
Di t ch l /  

Drainage 

Channel and 
overbank 

None 

None 

None None None 

1/ Open d i t c h  f o r  e i t h e r  su r f ace  o r  subsurface drainage.  - 

Channel and 
overbank 

2/  Channel rou t ing  i n d i c a t e s  t h a t  only s to rage  c h a r a c t e r i s t i c s  of - 
channel a r e  considered i n  rou t ing  computations, 

3 /  Channel and overbank rou t ing  i n d i c a t e s  t h a t  s to rage  c h a r a c t e r i s t i c s  - 
of both channel and overbank a reas  a r e  considered i n  rou t ing  
computations. 

Channel and 
overbank 

4 1  Open d i t c h  channels a r e  f r equen t ly  designed from dra inage  c r i t e r i a  - 
which only d e a l s  w i th  peak r a t e s  of runoff .  I f  a  rout ing  i s  r equ i r ed ,  
design hydrographs must be developed. 

Channel and 
overbank 41 

The "Convex" rou t ing  method descr ibed  i n  NEH, Sec t ion  4 ,  Chapter 17,171  
i s  appropr i a t e  f o r  e s t a b l i s h i n g  the  design f lood  d ischarge  capac i ty .  
The pe rmis s ib l e  mean ve loc i ty ,  channel reach  length  and the  hydrograph 
of inf low t o  the  reach ,  a r e  r equ i r ed  f o r  channel rout ing .  

A check should be made i n  every case  t o  determine i f  t he  channel w i l l  
be car ry ing  ground-water flow. I f  so ,  an e s t ima te  of the  d ischarge  



r a t e  of ground-water flow should b added t o  t he  design c a p a c i t i e s ,  
177 Chapter 6 ,  desc r ibes  the separa-  computed above. NEH, Sec t ion  4,- 

t i o n  of ground-water flow from su r face  flow of recorded flow da ta .  

Channels Designed t o  Remove a Volume of Runoff Within a Spec i f ied  
Time Limit 

The func t ion  of  t h e s e  channels is  t o  remove the  volume of runoff 
causing overbank f looding wi th in  a per iod  of time t h a t  w i l l  prevent  
damage. The r equ i r ed  d ischarge  capac i ty  may be ca  cu l a t ed  by the  
empi r i ca l  procedure descr ibed i n  NEH, Sec t ion  1 6 , ~ )  Chapter 6. 
These procedures a r e  adapted p r imar i ly  t o  l oca t ions  where comparatively 
l e v e l  land a r e a  i s  s u b s t a n t i a l  w i t h  r e s p e c t  t o  t he  watershed a r e a ,  
where watershed boundaries a r e  d i f f i c u l t  t o  d e l i n e a t e ,  where i t  i s  no t  
necessary t o  f l ood  rou te  and where channels designed on s i m i l a r  s i t e s  
have provided adequate pro tec t ion .  It may a l s o  be based on a des ign  
f lood  of a given frequency. 

Drainape Capacity Related t o  Frequency 

General 

It i s  sometimes necessary t o  e s t ima te  t he  frequency of p ro t ec t ion  
provided by a channel designed by dra inage  c r i t e r i a .  The frequency 
may be r e l a t e d  t o  e i t h e r  a peak d ischarge  o r  a design f lood  volume 
f o r  a s p e c i f i e d  time i n t e r v a l .  

Drainage Capacity Related t o  Annual Flood Peak Frequency 

The frequency, equiva len t  t o  dra inage  c r i t e r i a ,  may vary between 
i n d i v i d u a l  reaches and should be es t imated  f o r  each reach.  The f lood 
frequency equ iva l en t  may be obtained by the  fol lowing procedure from 
NEH, Sect ion  4 .  

1. I f  s t ream flow d a t a  a r e  a v a i l a b l e ,  the  annual f lood  peaks, 
minus ground-water flow, may be r e l a t e d  t o  frequency by the 
procedure descr ibed  i n  Chapter 18. Since t h e  bankfu l l  capac i ty  
of t he  channel can be computed, t h i s  d i scharge  can be r e l a t e d  
t o  t he  frequency curve developed from annual f lood  peaks. 
Average ground-water d i scharge  t h a t  t h e  channel w i l l  c a r r y  may 
be es t imated  by procedure descr ibed  i n  NEH, Sec t ion  4 z / ,  
Chapter 6. 

2 .  I f  s t ream flow d a t a  a r e  no t  a v a i l a b l e ,  t he  annual f lood may be 
est imated from r a i n f a l l .  Obtain r a i n f a l l  amounts f o r  s e l e c t e d  

19 / storm dura t ions  from Weather Bureau Technical  Paper No. 40.- 
S e l e c t  two o r  more storm f requencies  t h a t  w i l l  encompass t he  
design channel capac i ty  i n  a l l  reaches.  For each s e l e c t e d  



r a i n f a l l  frequency, compute the  volume of d i r e c t  runoff ,  develop 
subwatershed hydrographs, and f lood rou te  through channel 
reaches. P l o t  the  routed peak discharge versus volume of run- 
of f  i n  equivalent  inches of depth over the  watershed area  fo r  
the  se lec ted  frequencies,  f o r  each reach. See Figure 4-1. 
The p l o t t e d  points  a r e  described by a s t r a i g h t  l i n e  o r ig ina t ing  
a t  zero. The se lec ted  frequencies a r e  shown f o r  t h e i r  res-  
pect ive  volume of runoff.  The heavy dash l i n e s  with arrows 
ind ica te  en te r ing  the  graph with the  given design discharge 
f o r  each reach and reading the  volume of runoff.  The volume 
of runoff w i l l  i n  turn  r e l a t e  t o  a s p e c i f i c  storm frequency. 
This i s  the  storm frequency a t  which the peak discharge can 
be contained below a damaging s tage .  

Drainage Capacity Related t o  Flood Volume Frequencies 

A procedure f o r  determining the  frequency of a flood volume t h a t  
can be removed from the overbank areas  by channels with a 
capaci ty  based on drainage c r i t e r i a ,  involves the  following 
assumptions: 

1. On-farm drainage and t r i b u t a r y  l a t e r a l s  have been constructed 
with o u t l e t s  i n t o  the  designed channel. 

2. The volume of s torage  i n  the  channel network i s  negl ig ib le .  

3 .  The overbank areas  a r e  broad and almost f l a t  wherein the var- 
i a t i o n  i n  the  overbank s t age  w i t h  r e spec t  t o  time i s  r e l a -  
t i v e l y  small.  

Analysis wi th  stream flow data ,  - - When stream flow da ta  a r e  
ava i l ab le ,  a volume-duration-frequency analys is  should be made. 
Volume-duration-frequency analyses have been provided t o  many 
s t a t e s  f o r  streams with drainage a reas  under 1,000 square miles,  
by the  Centra l  Technical Unit ,  Hydrology Branch, Washington 
o f f i c e ,  and should be used when avai lable ,  This analys is  can be 
made according t o  procedure contained i n  NER, Sect ion 4 x 1 ,  Chapter 
18. The ana lys i s  can be made f o r  any dura t ion;  however, a dura- 
t i o n  of 24 hours w i l l  be used f o r  comparison. Volume-duration- 
frequency curves a r e  shown f o r  24, 48, and 72-hour dura t ions  i n  
Figure 4-2, 

Using the dimensions of the proposed channel, compute the discharge 
r a t e  f o r  the  average overbank s t age  of flooding f o r  each reach. 
This computation can bes t  be made a t  road crossings o r  o ther  
con t ro l  points  where the  outflow i s  confined t o  the new channel. 
The average overbank flood s t age  can usual ly  be estimated within 
10 percent a t  properly se lec ted  points  such as  t h i s .  Estimate 
the  average r a t e  of discharge out  of the  reach by the  slope-area 
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FIGURE 4-1 
ROUTED PEAK DISCHARGE VERSUS 
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FIGURE 4 -2  
VOLUME DURATION FREQUENCY ANALYSES 





method. This rate of discharge multiplied by 24 hours equals the 
flood volume removed in cfs-day units. This flood volume is compared 
with the 24-hour volume-duration-frequency curve from stream flow 
data to determine the frequency equivalent of the design drainage 
capacity. (See Figure 4-2 .) 

The frequency equivalent may be expressed for either of two situations. 
In many northern states it may refer to the winter and spring snow- 
melt season or to the summer rain-storm season. 

Analysis without stream flow data. - - Where stream flow data are 
not available, the volume-duration-frequency curves for a 24-hour 
period may be derived from Weather Bureau rainfall data. The 
Weather Bureau' s Technical Paper No. 4&' contains maps showing 
the amount of rainfall expected to occur during a 24-hour period 
for various frequencies. This may be conver ed to runoff depth in 

175 inches by the procedures in NEH, Section G- , Chapter 10. The 
volume of runoff may be converted to cfs-days by the following 
conversion factor: 

Inches depth t0.03719 = cfs-days per square mile 

Volume in cfs-days plotted versus frequency provides a graph similar 
to Figure 4-2. Precipitation amounts for durations longer than 24 
hours may be obtained from an analysis of individual precipitation 
records or by an extrapolation on log paper if this has proven to 
be valid in the area under consideration. The required frequency 
equivalent for a channel designed by drainage criteria can be ob- 
tained in a manner similar to that for gaged data. See U. S. 
Weather Bureau TP-49, Two-to-Ten-Day Precipitation for Return 
Periods of 2 to 100 years in the United States. 

This method is limited to channels with drainage areas less than 
400 square miles. 






